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A non-invasive technique is used to measure the eyelid closure and simultaneous eye retraction. We have ﬁtted 
the displacement of the eyelid to an analytical function and have extended the kinematic model to the eye 
retraction movements. As a result, some dynamic parameters have been presented.
A technique used to simultaneous high speed measuring of corneal retraction and the eyelid motion during a blink 
was described in [1]. Brieﬂy, lid displacement was monitored by studying the saturation of the frames in the 
sequence whereas eye retraction was evaluated by analysing a scanning line perpendicular to the inferior part of 
the cornea. We propose here an analytical model of the eye blinking including lid movement and ocular retraction.
Upper eyelid motion starts when the Levator Palpebral Superioris muscle (LPSM) is inhibited and the eyelid 
passively moves downwards. Simultaneously, the Orbicularis Oculi muscle (OOM) fastly contracts. This 
combination of inhibition and activation of muscles produces the eyelid closure phase. After, LPSM starts a force to 
the initial position. Nevertheless, when OOM ceases, the upper lid keeps moving down by its inertia. Acceleration 
in the opposite direction makes that the velocity decreases until the movement is reversed (Figure 1a).
We divide the process in two parts. The active part goes from the start to the point of maximum absolute velocity. 
The recovery part covers the time from the peak velocity to the end of the blinking. The mechanism for eye 
retraction inside the orbit is not so well known. We assume the presence of an active and a recovery phases. Both 
eyelid movement and eye retraction are therefore divided in two according to the sign of the acceleration (1)
                                                                                                                                                                                                                         Xla (t)= 112 b t3 (t−2 τ) ; Xea (t)= 112 b t4 ; Xe , lr ( t)=Aexp(−μ t)cos(ωt+ ϕ)
Parameters b, τ, ω and μ represent the strength of the muscle force, its actuation time, frequency of the 
oscillation and the attenuation constant of the system. Indexes l and e stand for lid and eye retraction, and a and r 
refer to active and recovery phase, respectively. The lack of data in the eye retraction analysis (Figure 1b) 
impedes the determination of the point with maximum velocity.
(1)
Data from blinking of six subjects have been ﬁtted to (1). Results (mean ± standard deviation) are shown in (2). 
According to Figures 1a and 1b, matching between active and recovery phases occurred at the same time, but, 
while at that moment the eyelid has started the recovery phase, the eye is still under the eﬀect of a pulling force.
bl=(11.7±15.4)×10³mm /s⁴ ;
τ l=(51.1±16.5)ms;
μ l=(10.8±2.4) s−1 ;
ω l=(12.5±2.6) s−1 ;
be=(−0.488±0.471)×10³mm/s⁴ ;
μe=(17.0±2.7)s−1 ;
ωe=(2.2±0.9)s−1 ;
(2)
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Figure 1 a)Eyelid position and ﬁtting to the model for one typical case. Green line shows eyelid velocity during blinking. b) Anterior corneal 
position and ﬁtting to the model for one typical case. Vertical lines marks the link between two ﬁtting curves (active and the recovery phases).
